Based on Super-SBM DEA model, this paper investigates the efficiency of 12 Chinese commercial banks from 2005 to 2013 under the consideration of undesirable output, and verifies the truth that considering undesirable outputs (non-performing loans) can make research result more authentic by comparing with the consequence obtained without considering undesirable output. On this basis, this paper takes a further advantage of Malmquist index to analyze Chinese commercial bank efficiency. The results show that the efficiency of Chinese commercial Banks mainly depends on technological progress. Therefore, that technological progress is the factor influencing the efficiency of Chinese commercial Banks should not be ignored. Finally, this paper puts forward some relevant proposals for Chinese banking sector to improve operational efficiency and promote the technological progress.
Introduction
Since 1978 when Chinese reforming and opening-up policy was carried out, the speed of economic development has become very fast, in which the financial industry played a critical role through the commercial banks. The operating objective of commercial banks is to ensure the safety of funds and fight for maximum profitability on the basis of maintaining assets' liquidity. At the end of September 2014, the total asset of Chinese commercial banks reached RMB 126.82 trillion ($20.64 trillion, calculated by the exchange rate of USD against RMB in the 
Literature Review
A number of scholars have begun to study the efficiency of commercial banks since 1950s while the earliest methods used is financial indicator method [1] . Now commonly used method is efficient frontier analysis which can be divided into parametric frontier analysis and non-parametric frontier analysis according to whether you want to estimate the difference of parameters or not. Data envelopment analysis (DEA) is a kind of linear programming method, was proposed by Charnes et al. based on a relevant viewpoint of Farrell, and is a technique that has been used in many different sectors (e.g., González E et al.,; LaPlante AE et Barros et al. added the non-performing loans into the efficiency evaluation of banking system, and measured the changes in technical efficiency and productivity of Japanese banks [14] . Emília Zimková analyzed the technical efficiency and the super-efficiency of a representative sample of the commercial banking institutions in Slovakia with the aid of well-known radial and non-radial DEA models [15] . Iveta Řepková applied the Data Envelopment Analysis (DEA) window analysis on the data of the Czech commercial banks and to examine the efficiency of the Czech banking sector from 2003 to 2012 [16] .
In recent decades, DEA method gradually has been applied to survey efficiency of commercial banks in China. Some literatures are showed in Table 2 . The research objects of these papers are not exactly the same, and the research methods are also inconsistent. The efficiency of China's commercial banks has been studied from the aspects of cost efficiency, technical efficiency, scale efficiency and profit efficiency and so on. All of these Chinese scholars have gotten some valuable conclusions. However, these papers also have some limitations: Primarily, China's research on the efficiency of commercial banks is still at a relatively low level, the theoretical research is quite weak while the depth of study is not enough. Secondly, the existed literatures are mostly empirical analyses which have certain timeliness. According to the selection of samples and the impact of different factors, the conclusions of papers are also different. Thirdly, there are little literatures have considered the effect of undesirable output on bank efficiency, so the available information could not reflect the real situation of commercial bank's efficiency comprehensively.
Traditional DEA models require getting outputs as much as possible while under the minimal input resources, however, undesirable outputs such as waste water, exhausted gas and the non-performing loans of banking business in this paper are unavoidable for production and living. It is necessary to take account the undesirable outputs into efficiency evaluation model. The papers in Table 2 only QingJun Cui et al. and Jinming Zhang et al. studied the impact of undesirable output on banks [24] [25] . According to the current landscape of Chinese banking sector, the high non-performing loans of commercial banks will seriously restrict the efficiency and threaten the safety of operations.
To make it evaluate economic efficiency perfectly under the constraint of un- The paper showed that Chinese commercial banks had significant cost efficiency and profit efficiency, what's more, the cost efficiency and profit efficiency of the state-owned commercial banks were higher than that of joint-stock commercial banks, but efficiency growth rate of the latter slower than the former significantly [21] .
Jinlan Yao Dingxiang Mao
The evaluation and analysis on efficiency of joint-stock commercial banks based on DEA-Tobit two-step method This paper showed that there was a significant positive correlation between profitability of assets and bank efficiency while savings and loan ratio correlated to bank efficiency negatively [22] . The analysis on efficiency of Chinese commercial banks under the constraint of non-performing loans
Min Feng
To measure the efficiency of 11 Chinese listed commercial banks under the constraint of non-performing loans by using directional distance function and DEA super-efficiency model [25] .
Qian He Xingyu Chen
An empirical analysis on efficiency of Chinese commercial banks based on DEA method
The paper showed that most of the commercial banks have not reached economies of scale and were at the stage of increasing returns to scale while four state-owned commercial banks, except Bank of China, were at the stage of decreasing returns to scale [26] desirable outputs, scholars have been making efforts for improving the DEA model. The common solution is to regard undesirable outputs as input indicators (e.g., Qingjun Cui et al.; A.V. Hailu et al.,) [24] [27]. However, in spite of existing rationality to cater to the evaluation idea of traditional DEA models, this approach violates the actual production process, and produced much deviation between measure results and the actual situation (e.g., W.B. Liu. et al., [28] ). H.
Scheel used a form of the data transfer function methods to do a certain conversion on undesirable output and then regard the undesirable output as desirable output [29] . The data transfer function methods consist of linear data conver-sion method, nonlinear data conversion method and negative output method [30] . These forms all have certain limitations so that they can't accurately reflect 
Select the Model and the Variables

Model Selection: Super-SBM Model
Compared to traditional CCR and BCC model, SBM model [31] directly put the slack variables into the objective function to settle the problem of the input and output slacks. As a non-radial and non-oriented DEA model, SBM model can not only avoid the radial and oriented deviation, but also reflect the essence of the efficiency evaluation better than other models. We know that the best performers have the full efficient status denoted by unity (or 100%) in most models of Data Envelopment Analysis (DEA), however, there are often more than one DMU have this "efficient status" in practical applications of DEA models so that the relative efficiency of these efficient DMUs are indistinguishable. A natural idea is to do DEA evaluation on these efficient DMUs repeatedly for the satisfactory result, but this approach is quite cumbersome. Tone proposed the Super-SBM model solving the "super-efficiency" issue [32] . In addition, modern banking operation is often accompanied by undesirable outputs like non-performing loans.
The bank that producing more desirable outputs and less undesirable outputs with less input resources should be recognized as efficient. This paper adopts Super-SBM model to measure efficiency of Chinese commercial banks with undesirable outputs based on the research of Tone [33] .
This paper selects 12 Chinese commercial banks as the DMUs. Each unit contains three factors which are input, desirable outputs and undesirable outputs (non-performing loans in this paper), as represented by three vectors: 
Then the production possibility set P is defined by 
On the contrary, it means the DMU is inefficient and the inputs, undesirable outputs and undesirable outputs need to be improved. In this paper, we discuss the super-efficiency issues under the assumption that the DMU ( )
The production possibility set ′ is defined by excluding ( )
According to the research of Tone (2001 Tone ( , 2004 [31] [33], the Super-SBM model dealing with undesirable outputs is shown in the following expression.
[Un-Outputs Super-SBM] 
Data Sources and Indicator Selection
This 
Empirical Test: Results and Analysis
Descriptive Analysis of Indicators
Compare Figure Table 4 .
The Analysis on the Results of Super-SBM Model
Compared to the total mean efficiency value shown in Table 3 , the total mean efficiency value of 12 banks without considering undesirable output is even smaller, the reason is that non-performing loans and non-performing loan ratio of almost Chinese commercial banks have been decreased in recent years so as to make the banks' overall efficiency raised. while ABC, SPDB, CIB and CMB ranked down. This phenomenon reveals that non-performing loans should be mainly responsible for the operating efficiency decline of CITIC, CCB, BOCOM, BOC and CEB, so the managers of these banks should try best to revitalize the bad loans and improve the quality of loan in the next.
Whether considered undesirable output or not, the mean efficiency of five state-owned commercial banks are less than that of the rest seven joint-stock commercial banks. What we can learn from the result is that large-scale funds and high market share haven't made the state-owned commercial banks greater To analyze how the undesirable output influence the efficiency of single Chinese commercial bank, this paper calculates the mean efficiency values of nine years of every bank under both two situations that considered undesirable output and ignored undesirable output ( Figure 5 ).
As show in Figure 5 , two polylines couldn't overlap completely, which means there are differences among the efficiency of commercial banks under the two cases, so it is necessary to add the non-performing Loans into output indicators as the results are more authentic when considering the impact of undesirable output.
The Reasons for Efficiency Changes of Chinese Commercial Banks by Malmquist Index Decomposition
The Malmquist productivity index, introduced by Caves et al. Malmquist with data envelopment analysis (DEA) theory [36] . With the continuous improvement of data envelopment analysis theory and extensive application of the method, the index has been widely used in various fields.
The Malmquist Index with undesirable outputs between period t and t + 1 is given as ( ) Generally speaking, although PEC is the main factor for the mean TFP change of 12 commercial banks, for single bank concerned above, the main reasons for TFP change are not the same absolutely. The trends of four indices are shown in Figure 6 .
As can be seen from Figure 6 , the trend of TC is consistent with that of TFP mostly, even a large part of two lines in the middle are matched completely. This phenomenon means that TC is the core element to determine the efficiency of the commercial banks. Technological change also provides driving force for commercial banks to improve their operating efficiency. With the development of social science and technology, especially the rapid development and wide ap- 
Conclusion
The innovative content of this thesis is to treat non-performing loans as output (Figure 6 ), which presents that technological change determines total factor productivity principally. Technological progress can not only reduces the operating costs but also increases the banking business income.
